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Motivation for study

Experimental Techniques at PHENIX

Observation of Direct Photons
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Direct Photon Invariant Yield

Summary and Future Outlook
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Motivation for Study

* Important global properties of the collision can be
characterized by thermal photons

temperature
thermal photon p; spectra

To
thermal photon v,
* A thermal photon puzzle
thermal photons expected to dominate at low p;
direct photon spectra indicate thermal photons are emitted early
large direct photon v, indicate thermal photon emission is late
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difficult to reconcile both with the current understanding of the
evolution

possibly another source of low p; photons other than thermal?
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Experimental Techniques at PHENIX

* Large background from hadron
decays makes analysis difficult

* 3 techniques at PHENIX 2007 PHENIX Detector

* photons deposit energy into emcal
e best at high momentum

e external photon conversions
* measure real photons
e greatly reduce hadron
contamination

* internal photon conversions
* measure virtual photons

* reduce background from n? Dalit: B
decays West Beam View East
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We See Direct Photons in Collisions at RHIC:
Ry Via External and Internal Conversions

~ [ Au+Auiys,, =200 GeV
= [ ® external conversions (PHENIX preliminary)
2 — 2007 Run 7 Data, |n|<0.35

= =

N
O
I
=
=
®
@
:
2

] virtual photons, Phys. Rev. Lett. 104, 132301 (2010)
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Direct Photons In Different Systems

* PHENIX has measured low p; direct photon ratio in various collision
systems, showing clear enhancement in A+A

* From virtual photon (internal conversion) analysis

r=1-1/R,
o
@ | ptpiVs=200GeV | d+Auxns,=200GeV | Cu+Cux\s,, =200GeV 1 Au+Aunfs,  =200GeV
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* External Conversions

Dalitz

PH 70N = |' 1i

measure through a double ratio

Nlncl
6, (3)F(py): [N”%g‘(‘:))J

R 7inCI(pT)

T (py) N (p,)
.

tag photons as coming from

n° decays

other decays accounted for

with a cocktail (as in the

Internal analysis)

~ 0.05;

éﬂ.mF HBD -' l

002 om 0.03 0.035 0.04 0045 0.05
Normal Reconstruction Mass (GeV)

R, From Dilepton Techniques

* |Internal Conversions

observed excess in dilepton
mass distribution attributed to
virtual photons (at pr > m,,)

fit mass distribution with a

two component fit
* ris afloating fit parameter

fMmee;r) = (1 —71)fe(mee) + 7fgir (Mee)

dhidm,,  (c*¥GeV] in PHENIX acceptance
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Phys. Rev. Lett. 104, 132301 (2010)
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Direct Photon Elliptic
Flow

PHENIX has measured the elliptic flow of direct photons using
combinations of all three techniques

R inc. B BG
dir. _ 7v2 Vo
V2 — 1
Ry —

R. Petti Thermal Radiation Workshop 12/6/12

R, is the fraction of direct photon, y'ne!/yhadron
Vv,BG is the v, of photons from hadron decays
Vv,"¢ is the measured v, of all photons
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Inclusive photon v,

inc BG
7 |
vV, = R _1 * Photons measured in the EMCal
4 * PID consists of

0.25F Jne. Shower shape cut §
~ [ Charged track veto with PC o
> 02F * EP™(n=1.0~28) e 2
© e EPPEC (|y[=3.1~3.9) Significant number of hadrons pass §
0.15F cuts below 6 GeV <
. 1_ up to 20% below 2 GeV deposited 3
f s energy T
0.05F *3 ¢ { Correct for this with GEANT sim £
0 ;= """""""""""""""""""""""""""" ~ obs U%’smﬂaﬁ _ ( ﬁ,-’hadr ;/ﬁ,-'mcas:]t,lg'mdr ;

[ (b) Y2 - __ N hadr Tmeas

0.05 g | I | | A Hw

(o)
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Hadron contamination check

* Hadron contamination can

0257 , n e
g L AmAu:\'sN =200 GeV 0 external conversions be S|gn|f|ca nt ~
= - 2007Run7';)m|1|035 (PHENIX preliminary) S
Y - s |11<0. o R
3 021 Win. Bias Centrality g Phys.Rev.Lett. 109, 122302 * Check with an external =
i 2012) conversion analysis 5
et ) ) o
£ 015 18 Identify photons via s
[ v 8o i : } o external conversions S
01— g B No hadron contamination E
E . z
L@ * Two measurements are |5
005 consistent .
: - Hadron contamination in =

0 | 10'151 | L | ‘: L1 1 11‘151 1l lél Ll 12‘151 [ lél 1 the real photon (EMCaI)
photon p_ [GeVi/c]
T measurement well [ 10 J
understood
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Hadron Decay Photon v,

We only measure 7° v,

v, modulation put into cocktail
cocktail gives the total BG v,

about 80% of BG

Assume v, of other hadrons
from KE; scaling

from decay photons

0.1

0.051-

Phys.Rev.Lett.98:162301,2007
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Direct Photon Flow

S0 0.5
g C IR {5, = 200 GeV ® exte.rngl conversions (PHENIX o
° N preliminary) <
£ 04— 2007 Run 7 Data, |1|<0.35 S
= | Min. Bias Centrality ©  Phys. Rev. Lett. 109, 122302 (2012) S
2 N o
© 0.3 ‘_—' . g
E R Vlnc. V BG e
B | = . dir. _ "y 72 2 =
e ' { Vo = 5
: ¢ aL B Ry 1 ;
0.1— = o
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N £
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o =
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Direct Photon Invariant Yield

10*

direct incl £ & AyAu Min. Bias x10*

4 =Ty

o e AuAU0-20% x10°
O = AuAu20-40% x10
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E ~
. . pe . . - b T ptp
e significant excess in low pT region a 10 S
= —----- Turbide et al. PRCG9 =~
compared to pQCD © 4 —~
. . E
* shape consistent with thermal g g
.. o107 ™ 9
emission a F e
o
e fit yield with a two component T10°E =
. @ E o
function Q10°F =
(o] E o
* pQCD power law %104-5 &
. = E ©
* exponential % F £
. HETN 2
e Extract inverse slope parameter = =
. . B e
which is related to the 1075 . 5
= eehle o
temperature 10'?_|||||||||||||||||||||||||||'|'|' i o
: 1 2 3 4 5 6 7
e T=233+14+19 MeV In MB p_ (GeVic)

PRL 104, 132301 (2010)

—
=
(98]

—

TN ‘Sto Brook
PH-“ENIX Ql Uity



Comparing the Yield to Theory

< 10—
% oo Thermal Photons in Autiu atyfs = 200 GeV < B0
(0] B R * DATA 0-20% [] - ] D. d'Enterria & D. Peressounko
oo B :j:f".\ Y ---.D. dEntermia & D. Peressounko: T, = 500 MeV, 1, = 0.15 fm'd E; 700 — . %. Rasanen et al,
CARS AN -—- 5. Rasanen et al: T, = 580 MeV, 1, = 0.17 fmlc l_E - A D.K. Srivastava et al
Wﬂ_ E B - -- D. K. Srivastava: T, = 450-600 MeV, 1 = 0.2 fmfe 00 - . S- T- b o . g
g - —.— 5. Turbide et al.: T, = 370 MeV. 3, = 0.33 fmlc C u [ ! _ur 1de et al. B
al .- F. M. Liu et al: T, = 370 MeV.t, = 0.6 fmic + LO pQCD - * F.Liuetal. ~
%o 107E 500 N
w = \ vaih - J.Alam etal: T, =300 MeV.t, = 0.5 frie = ar J. Alam et al, —
= ‘*,I \-\j}_“?.-. — W. Vogelsamg: Prompty NLO pQCD = TM (0-20%) 400 :_ o
— ¥ ‘ls-\_._" n * )
2L - %
107E 300 P =
- C §
) B 200— g
107 = =
= 100 — E
C - °
B C 11 I 11 1 | I 11 1 | I 11 1 1 I 11 1 1 I 11 1 | I 11 1 | o
104E O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 =
= 1. (fmic) e
0
— S
C )
i £
10° * model range in initial T is 300 to -
- +
= [}
- | 600 MeV o
HBL1 111 | I | I | I | 1 1 I‘-'I- | 1\|..‘-"I'- 1 1 | 1 11 | H H M (=
0y s e e thermalization time range from

p; (GeVic) about 0.6 to 0.15 fm/c
Phys. Rev. C 81, 034911 (2010)
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Comparison To Theory for 0-20% Centrality v,

0.20_IIII|IIII|IIII|IIIIIIII,/‘V,‘[II_
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H. van Hees, C. Gale, R. Rapp
Phys. Rev. C 84, 054906 (2011)

0-20% Au-Au, |y[<0.35 hadron gas ———

QGP —-—
primordial - - - -
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Summary

* Direct photons have a v, similar to that of hadrons at low p;

* An excess of direct photons is found at low p; and is unique to
heavy ion collisions

This excess is thermal in shape and indicates a high temperature

* These two results are seemingly at odds with our standard
picture of the heavy ion collision at RHIC

Outlook

* Improved data on the direct photon invariant yield a la
external conversions
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Backups
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Measuring External Photon

Conversions: Identification

* PHENIX tracks outside magnetic field
> Need to assume the origin

Central
Magnet TEC

* Assume particles come from event
vertex

* We are interested in conversions in Trace back-t»o
the HBD backplane (radius = 60cm) Vertex
* Now our assumption is incorrect @“:_:><
* @Gives pairs an artificial opening angle ‘ :
* Leads to an apparent mass
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PH

Some Simulations of Conversions

* Full GEANT simulation of photon conversions

* Assume all particles come from a radius of 60cm (ATM)

MC simulations of photon conversions

HBD shell

10*

10°
By
107 @
o
"I‘!! *-r'"- i) S rorn
1“% '“:.f“: J‘ :H;I hqqr *.‘“u!*,
fﬁ} ui' i el
- :ii il e
1 LA T

0.02 |]_

0 uﬁz

'__Y_
~<SENIX

i
JhE
:'u "!n‘
4 iy 4 L
1 J F l *‘*
I I Ilil I I
) IIIIII | ,llw Il II
: |

beam pipe

CF, gas

outside HBD shell

HBD shell (ATM)

beam pipe (ATM)

CF, gas (ATM)

outside HBD shell (ATM)

A » B & = [= 0O o

palr mvanant mass [Ge".f]
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The di-electron spectrum

region of virtual photons

:{é“- 5|| |||||| | L |||||||||I||| |||||||||
e
B LMR IMR HMR
8 - - a
: 3
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~ 2
3_— §
] = E
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I 1 7 5
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I ‘ + g 10° =
I I
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0 4

0 05 1 15 2 25 3 35 107 [ 21 }
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Measuring Virtual Photons

e

M(Q?=0) Y

* Processes which produce photons can also produce virtual photons
Decay into low-mass e*e pairs
The relation between photon and pair production can be written as

d?n 20 1 4m? 22
ee _ 22~ [1_ .6(1 LE)Sd,,,
dMee BT Mee m2, M m2 "
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* Measure low mass, high momentum dileptons
Correspond to nearly real photons
Extrapolate back to zero mass

* Analyze above n® mass to remove 90% of hadron background

Phys. Rev. C 81, 034911 (2010) ‘\\\‘ Stony BrOOk
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—H—

'E T 1.0<p,<1.5 GeWlc
] oy
Virtual Photons ié%” * f S

* excess seems to be consistent = . 1"”‘:}’*‘2'"6"“““
with the assumption of B {' {' ']' ~
originating from virtual - ] N
photons ) ' 2
i " e 2 0<p <25 GeWlc 9
* S(m, p;) is constant = {, .]. + ']' {. S
| i
ANS5S (m, pr) AN (pr) g - * —— l . B
Rlm. pr) = dpr dpr ST T T T =
:
— S(m:pT}dﬂr_fi-rect@T)/dﬂr;ncl(pjﬂ) E +* * 2.5<p <3.0 GeVic é
£ :
g UUURUIUUN VO S -

" ‘:'., H .], 1.0<p <40 AT;W:: ‘
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Theory Comparison (III)

0.5
- 30-35 % most central
- Au+Au@200 GeV Y.
0.4~ upper curve: P
mg=0.1GeV _~“lower curve:
0.3 =
- Hadrons Mg 0.3 GeV
= | PHENIX .
0.2— FRLSE,
[ 168u thermal
i +prompt
0.1_—
Ok
~HEENENEEEESEENINEEEE AN NN NN
0 0.5 1 1.5 2 2.5 - 3.5 4
E, GeV

V. Pantueyv, arXiv:110

N
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* Nothing about photon
production included in
model

Assume thermal

shape and normalize
to data

Describes effect of
Doppler shift

d -’\,-'fdu:n = F:Ep(—ih‘m’fT]'?

I
“ %1 = Bcosb
N /dE = 3—;:‘*0@9 exp(— E(1 — Grcosh)
/1- 32 T\/1- 32

. Cyllndrlcal expanding

fireball \
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Experimental Techniques at PHENIX (I)

2007 PHENIX Detector
Beam Beam Counter (BBC) PC3 Central

Magnet
e Centrality
* Zvertex
e Reaction plane
Reaction Plane Detector (RxNP)
e Reaction plane

Electromagnetic Calorimeter (EMCal)
* Photon energy and id
Pad Chamber (PC)
* Veto charged tracks
Drift Chamber (DC)
e Charged tracking ZDC South
Ring Imaging Cherenkov detector (RICH) ||f|“i

R. Petti Thermal Radiation Workshop 12/6/12

 Electron id

Side View
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Published Direct Photon Flow

B dir.
0.25: 5 YV, s E.PFN(In=1.0~2.8)

> o E.PZC (In=3.1~3.9) .
0.2 =
0.15} g
0.1F =
0.05] E
[ £
0F =
0.05} =
_Jl_l L1 | L1 1 | L1 1 | L1 1 | L1l 1 | L1 1 |
0 2 4 6 8 10 12

26)

P, [GeVIc]

Phys. Rev. Lett. 109, 122302 (2012) Stony Brook
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Direct Photons in HIC

e |[nitial * QGP * Hadron gas
collision

* Direct photons = (inclusive photons) — (hadron decay photons)

* |nitial collision

R. Petti Thermal Radiation Workshop 12/6/12

* Hard scattering of partons v,=0
* Pre-thermalized radiation w,=7
* QGP
* Thermal radiation vy >0
* Jet Fragmentation vy =0 High p; phenom.
* Bremsstrahlung vy <0 Reflective of geometry,
e Jet conversions vy < 0 not dynamics

——

* Hadron Gas
PI' * Thermal radiation v, >0




